SCAMPER and Animal Adaptations for Inventions

Fourth Graders Make Inventions

Hussain & Carignan

Page 48

Journal of STEM Arts, Crafts, and Constructions
Volume 1, Number 2, Pages 48-66.

using SCAMPER and Animal
Adaptation Ideas
Mahjabeen Hussain

University of Northern Iowa, and
Anastasia Carignan

Waverly-Shell Rock Community School District

Abstract
This study explores to what extent the SCAMPER
(Substitute, Combine, Adapt, Modify, Put to another use,
Eliminate, and Rearrange) technique combined with
animal adaptation ideas learned through form and function
analogy activities can help fourth graders generate
creative ideas while augmenting their inventiveness. The
sample consisted of 24 fourth grade students (14 female,
10 male) ages 9-10 at a suburban Midwestern elementary
school. A repeated-measures design involving all
participants alternately in the two conditions measured
students under each treatment condition. In the
experimental condition, students used SCAMPER charts
with animal adaptation ideas to generate ideas to improve
a product using limited materials; in the control condition,
they used simple SCAMPER charts to improve a product
with limited materials. A scoring rubric was designed to
assess the utilization of the SCAMPER chart and students’
inventiveness. Paired t-tests were used to compare each
student's average score in the control condition to the
experimental condition. Students’ inventiveness scores
showed a statistically significant difference with a p-value
of .003. The resulting Cohen's d was 0.64, a medium
effect size, favoring the experimental condition. In
contrast, student scores for completing the two types of
SCAMPER charts favored the simpler control condition’s
chart. However, student products completed under the
experimental condition showed more complexity and
originality.
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Introduction
Creativity and inventiveness are closely related
(Westberg, 1996). Torrance (1992) emphasized that science,
as opposed to other school subjects, has a wider range of
activities to cultivate students’ creativity. However, difficulties
prevail in classroom implementation of creative education.
The difficulty of nurturing creativity in the classroom setting is
attributed to the fact that creativity has been segregated from
or only added to the curriculum and general class activities
rather than being integrated into them (Cho, Chung, Choi,
Seo, & Baek, 2013). In fact, Aljughaiman and MowrerReynolds (2005) reported that one of the barriers to
incorporating creativity in classroom practices included
teachers feeling “overwhelmed” with more pressing
responsibilities. Also, challenges prevail in the K-4
environment with teachers lacking technical backgrounds
(Swift & Watkins, 2004). But without specialized support,
students can hardly activate their full potentials (Cramond,
2001). Ross (2006) noted the remarkable progress made in
developing and using strategies and tools for problem-solving
and invention. Including engineering in the elementary school
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curriculum promotes experiential learning with building and
design, which students find enjoyable (Rogers & Portsmore,
2004). Some creative thinking techniques for promoting
engineering experience in teaching/learning contexts have
been described in the literature: the SCAMPER (Substitute,
Combine, Adapt, Modify, Put to another use, Eliminate, and
Rearrange) technique (Eberle, 1972; Glenn, 1997; Park &
Seung, 2008); storyboarding, mind mapping, lotus blossom
(Higgins, 1996); TRIZ (Barak & Mesika, 2006; Chen, 2010);
Edward de Bono’s (1989) six thinking hats; ADI (agreement,
disagreement, and irrelevance); and Creative Problem Solving
(Park & Seung, 2008).
To help students achieve the goal of learning
science content and to excite students about science,
technology, engineering, and math, teachers may incorporate
creative classroom activities. In fact, classroom-tested
creative science activities developed for different grade levels
are more beneficial because practitioners can readily select
age-appropriate techniques, thereby avoiding rote
memorization of content (Park & Seung, 2008). Use of
inventive problem-solving methods among junior high students
led to development of thinking schemes and heuristics related
to inventive thinking and problem-solving (Barak & Mesika,
2007). Elementary students comprehend concepts related to
physics, programming, and math in the context of engineering
design (Rogers & Portsmore, 2004).
Furthermore,
combination of creative techniques has been found to
contribute to their understanding of science content (e.g. Rule,
Baldwin, & Schell, 2009; Rule & Rust, 2001). These
researchers, exploring the use of a combination of creative
activities, reported enhanced learning of science content in the
combined activities along with the students’ ability to generate
more creative ideas through them. Therefore, the present
study was undertaken to explore to what extent the
SCAMPER technique combined with animal adaptation ideas
learned through form and function analogy activities can help
fourth graders generate creative ideas for an innovation and
also augment their inventiveness. For the investigation, a
repeated measures approach allowed the researchers to
focus more precisely on the treatment effects. More might be
discovered about children’s potentials and capabilities if they
were observed under conditions in which they were inventive
(Lewis, 2009).
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The following literature review first discusses the
evidence in the professional literature for students needing
formal instruction on engineering skills and invention skills to
experience success. The approach of utilizing the concepts
of organism parts or manufactured items having forms
designed to serve their functions, as reported in the literature,
is considered. The creative thinking strategy called
SCAMPER is described next. Finally, national standards
addressed by the lessons in the current investigation are
explored.

Literature Review
Necessity of Engaging Students in Engineering
According to Lin (2011), children are “naturally
creative, open to experience, and tend to be attracted by novel
things” (p. 151). This close association between creativity and
attraction to new things suggests providing students
opportunities to initiate creative thought processes before
asking them to innovate a product. Creative people are
inclined to possess associative propensities and are able to
engage in combination thinking through remote associations
(Lewis, 2009). An example of such combination thinking is an
engineer combining electrical and mechanical systems.
Similarly, in the present study, the combination of animal
adaptation ideas with the SCAMPER technique was expected
to stimulate creative thought processes for engineering.
The benefits of nurturing engineering skills are
individual as well as societal. The guide provided by The
Lemelson-MIT Program (2009) addressed after-school
educators and stated that the process of building things
provokes young people’s interest in math, science, and
engineering while also facilitating connections to their
everyday life and a variety of careers and social issues. At
the same time, creativity benefits society as a whole in the
form of “new scientific findings, new movements in art, new
inventions, and new social programs” (Sternberg & Lubart,
1996, p. 678).
Barak and Mesika (2006) explored the impact of a
systematic inventive thinking course on junior high school
students in an Israeli school. Students first learned about
inventive problem-solving and the difference between an
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inventive solution to a problem and a conventional one. A
core component of the course was learning a range of
inventive principles, which were defined as “schemes or
heuristics helpful in seeking systematically inventive solutions
to daily life problems or technological problems, or for
inventing new and useful products” (Barak & Mesika, p. 23).
At the end of the course, students in groups of two or three
were required to design and construct an amusement park for
physically challenged children. The students had grasped the
inventive principles and discovered their application to be
more effective than randomly searching for inventive ideas.
They preferred this approach over the earlier-learned
associative thinking or brainstorming and recognized how
flexibly they could use the available range of techniques.
Students need time and opportunity to develop their own
thinking techniques and to justify their ideas (Barak & Mesika,
2006).
Wongkraso, Sitti, and Piyakun (2015) initiated the
Invention Learning Approach among secondary students in a
science course in Thailand. Quantitative findings supported
by qualitative analysis showed significant growth in inventive
abilities of the students. This implies developing learning
environments that provide opportunities for students to take
part in innovations and gain engineering confidence which this
study aimed to do.

Form and Function
Form and function is a big idea, or unifying theme,
of science that bridges the natural and designed worlds.
Analogies can, therefore, be made between the body parts of
an organism and the analogous forms and functions of
manufactured items. For example, a rose has thorns to keep
animals from browsing and eating its flowers. In a similar way,
humans have devised barbed wire fences to keep other
people from entering and taking provisions from restricted
areas. The thorns or wire barbs have the same sharp,
piercing form and serve the same function of protection. The
present study focused on the Disciplinary Core Ideas in the
Next Generation Science Standards (Achieve, 2013, p. 33)
which state that students at the end of fourth grade should
show an understanding that “animals have both internal and
external structures that serve various functions in growth,
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survival, behavior, and reproduction” (4-LS1-1). To address
this, animal form and function analogy object cards from
Invention through form and function analogy (Rule, 2015) were
selected.
Several studies have indicated the effectiveness of
using these card sets focused on form and function analogies
between an organism’s body parts and manufactured items
with the same forms and functions. Sometimes, manufactured
objects with the same forms and functions as the organism
parts being considered are added to the card sets to provide
concrete examples of the properties; these enhanced sets are
called form and function analogy object boxes. For example,
a large effect size was reported in a study focused on high
school students’ learning about human body systems through
form and function analogy object boxes as opposed to
traditional lecture and worksheet exercises (Rule & Furletti,
2004). In both the experimental (analogical object boxes
used) and control instructional conditions (texts and
worksheets used), the same concepts were addressed; all
students completed hands-on laboratory activities related to
four human body systems, and all students viewed an
informative video. The data from use of the object boxes
indicated double the gain for human body systems learned
through the experimental condition utilizing form and function
analogies. Some features of the object boxes noted by the
students that facilitated learning included: sensory inputs
through object handling; interactive group work; motivation
driven by new ideas; improvement in understanding linking to
everyday objects; and problem-solving elements. This work
utilizing form and function analogies to teach high school
students was extended to an elementary class that confirmed
the effectiveness of the form and function analogy object
boxes to teach biological concepts to different grade levels
(Rule, Baldwin, & Schell, 2008). Some of the useful elements
of the analogical activities identified were the integration of
novelty and humor that students reported as motivating, the
challenging nature of the activities that was facilitated by peer
support, the increased attention due to visual and tactile
sensory input, and a deeper understanding of abstract
concepts in a concrete manner through objects.
An art- and spatial thinking skill-integrated inquiry
project involved fourth graders in exploring structure and
function of local animals through model making (Rule,
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Tallakson, Glasscock, & Chao, 2015). Students completed
observations and photography of local wild animals (deer,
groundhogs, rabbits, opossums, squirrels) outside of the class
and researched the natural history of these animals.
Dioramas they created represented their science
understandings of the forms and functions of the animals they
had chosen that were supported by photographs and formand-function-focused explanations. Students’ mathematical
symmetry skills, computer skills, and literacy skills were
utilized in their model making and diorama work. Students
acknowledged having learned a lot about animal homes and
their forms and functions through hands-on activities. In the
current investigation, form and function analogies are
combined with a creative idea-gathering technique called
SCAMPER to bring engineering to the classroom, discussed
in the next section.

Using the SCAMPER Technique for Creativity and
Invention
SCAMPER is an acronym that stands for mental
operations that lead to creative ideas: “Substitute,” “Combine,”
“Adapt,” “Modify,” “Put to another use,” “Eliminate,” and
“Rearrange.” In a step toward the development of this
technique, Ross (2006) analyzed Osborne’s checklist, TRIZ
invention heuristics and a diverse range of other creative
thinking techniques and invention heuristics to identify ten
basic mechanisms – segment, re-movement, adjust, distort,
associate, random stimulation, re-arrange, add, other use, and
transform – that could be applied to create new concepts and
ideas. The SCAMPER method (Eberle, 1972) was an
outcome of Osborne’s checklist in which these creative skills
were organized into the SCAMPER mnemonic. This
technique of applying these creative operations systematically
to a problem promotes both creative thought processes and
engineering experiences among students. The SCAMPER
technique was chosen for the present study because this
analysis provided better understanding of the mechanisms
involved and their relationships in generating a new product.
Studies have shown students gain content
knowledge through invention in the school setting. In one
investigation (Rule, Baldwin, & Schell, 2009), scores were
higher for students in the analogy condition who learned about
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animal body form and functions and applied these concepts
to generate ideas for a new invention. Students were
introduced to different form and function analogies that
compared animal body parts to human-manufactured
products. These analogies were dissected through mapping
the similarities between the targeted animal body part and the
analogous human-manufactured product. Students also
created new analogies. The entire mechanism of utilizing
animal form and function in combination with the SCAMPER
technique for idea generation helped students in two ways.
They gained a deeper understanding of animal form and
function in connection with human-manufactured items. They
were also successful in producing an invention of better quality
than by simple class discussion and brainstorming ideas.
In an investigation of how to trigger students’
situational interest in physics lessons (Leung, 2013), a
researcher developed intervention lessons that incorporated
hands-on activities related to both Eberle’s (1972) SCAMPER
technique and physics concepts. Data suggested that interest
in physics lessons can be stimulated through meaningful
practical activities. New invented products and television
programs or films related to SCAMPER can raise students’
interest in physics lessons. Greater situational interest was
found among students with lower academic ability than
students with higher academic ability in learning about
electronic components. Leung (2013) proposed using creative
invention to trigger students’ situational as well as individual
interest in physics lessons.
Literature describing design and implementation of
short creativity programs is scarce (Poon, Au, Tong, & Lau,
2014). To address this paucity of studies in the literature,
Poon et al., designed and implemented a three-hour workshop
that incorporated factors known to facilitate creative thinking
along with the SCAMPER creative thinking technique. The
SCAMPER workshop consisted of five stages – group
formation for managing group activities; creation of a playful
environment through inspiring games; a story tour by reading
stories from Thinkertoys (Michalko, 1991) to learn about
breakthroughs that were initiated by the SCAMPER technique;
introduction of the SCAMPER acronym with the identification
of each technique in the story tour, and, finally, engagement
in a practical challenge. Feedback from the students indicated
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an increase in their confidence in displaying their creative
abilities.
Because scientific problem-based activities engage
elementary students in STEM content, earlier exposure for
elementary students to STEM initiatives is necessary (Swift &
Watkins, 2004) to motivate them to STEM careers eventually.
Ross (2006) warned that although there is a plethora of
techniques and tools from which anyone can choose, a lack
of understanding prevails regarding the way different creative
techniques relate to each other. The present study will
contribute to the practitioners’ understanding of how two
techniques relate to each other and can be combined and
applied in an elementary science classroom.

Standards Addressed by the Lesson Activities
The lessons focused on engineering design that
involved innovation, improvement, and problem solving.
Students were given a situation with limited resources and
required to think creatively and analytically by incorporating
animal form and function ideas in the simple SCAMPER
technique to innovate a product. This emphasis of the lesson
supported the Next Generation Science Standard (NGSS) 35-ETS1-1 for Engineering Design (Achieve Inc., 2013, p. 46),
for fourth grade students: “Define a simple design problem
reflecting a need or a want that includes specified criteria for
success and constraints on materials, time, or cost.” The
importance of the standard in the lesson lies in familiarizing
students with the engineering design process by providing
them opportunities to apply science, technology, engineering,
and math to the given problem.
In addition, the following National Core Arts
Standards (National Coalition for Core Arts Standards, 2014)
for fourth grade were addressed through the lessons. Class
activities on different days involved students in using
SCAMPER technique to “explore and invent art-making
techniques and approaches” (Visual Arts: Creating 2.1.4a) for
improving a given product for particular purpose like camping
trip, classroom use, trip to the lakeside, and after a natural
disaster. This required students to “brainstorm multiple
approaches to a creative art or design problem” (Visual Arts:
Creating 1.1.4a). The activities prompted students to
“[c]ollaboratively set goals and create artwork that is
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meaningful and has purpose to the makers” (Visual Arts:
Creating 1.2.4a).
Each student was provided a bag
containing limited materials to innovate a new product and
emphasis was put on this idea: “when making works of art,
utilize and care for materials, tools, and equipment in a
manner that prevents danger to oneself and others” (Visual
Arts: Creating 2.2.4a). To facilitate their creative thinking and
innovation process, students were encouraged to “revise
artwork in progress on the basis of insights gained through
peer discussion” (Visual Arts: Creating 3.1.4a).
The importance of technical literacy is emphasized
in curricula standards so that engineering topics are included
within the Science categories (Swift & Watkins, 2004). The
lessons therefore used the Standards for Technological
Literacy (International Technology Association, 2007), i.e.
STLS9 and STLS11 for grades 3-5 requiring students to
engage in activities that will help them “develop an
understanding of engineering design” and “develop the
abilities to apply the design process” (STL, p. 210). The
implementation of these standards exposes students to the
“breadth of engineering” and is likely to influence students’
comprehension of engineering principles and career choice
(Gorham, 2002). The Common Core State Standards for
Mathematics (Common Core State Standards Initiative, 2010)
that emphasize process standards including problem solving
have also been addressed.

Method
Context and Participants
The setting was a suburban Midwestern elementary
school. The sample consisted of 24 fourth grade students (14
female, 10 male) aged 9-10. The study was approved by the
researchers’ university committee for research on human
subjects and the school principal. Students and their parents
provided written consent for participation in the study.
An education doctoral student collaborated with the
classroom teacher to conduct the study. The teacher had 10
years of experience of teaching science and was familiar with
the NGSS Standards as the school was already in the second
year of incorporating these standards. She had been oriented
to the teaching materials that included SCAMPER charts and
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animal form and function cards supported by a detailed lesson
plan for all six days, two weeks prior to the implementation of
the planned lessons.

Research Design
A repeated-measures design involving all research
participants in all conditions (Johnson & Christensen, 2004)
repeatedly measured students under each treatment
condition. The approach helped to determine to what extent
combining the use of the SCAMPER technique with animal
form and function adaptation ideas fostered students’ creative
thinking and helped in their invention. In other words, the
participants’ use of the SCAMPER chart (the dependent
variable) was repeatedly investigated on four different days
(the independent variable). As all participants participated in
all experimental conditions, the benefits of repeated-measures
design are that it requires fewer participants, and the
researcher does not need to be concerned about participants
in different groups being equated (Johnson & Christensen).
The participants themselves, Johnson and Christensen point
out, serve as their own control, implying they are suitably
matched in the various experimental conditions.
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A total of six 50-minute lessons were conducted,
spread over two weeks. In the initial half of the first lesson,
students learned how to use strategies to generate creative
ideas for improving products; in the second half of the class,
they engaged in using analogy cards to learn about form and
functions of three animals and related the new concepts to
familiar objects such as manufactured items. This activity
continued in the second lesson. In the second half of this
lesson through teacher-led discussion, students explored
ways to improve a product using animal adaptation ideas in
conjunction with SCAMPER technique. In lessons three
through six, two groups were formed (Group A and Group B);
students remained in the same groups throughout the rest of
the study. Students used a simple SCAMPER chart on two
control days (Lesson 3 and Lesson 6) to innovate a new
product with a common item using their engineering skills.
The SCAMPER chart combined with animal adaptation ideas
were used on two experimental days (Lesson 4 and Lesson
5) for innovation. The experimental set-up with the materials
provided to students and the items they used as a base for
their creations are shown in Table 1. All students had masking
tape, glue, scissors, and markers for their engineering work.
Each student received a small bag of additional materials from
which to construct his or her innovation.

Table 1. Experimental Set-up of Lessons 3 through Lesson 6
Lesson # and Condition
1. Control Condition: SCAMPER –
No animal adaptation ideas
2. Experimental Condition:
SCAMPER with animal adaptation
ideas
3. Experimental Condition:
SCAMPER with animal adaptation
ideas
4. Control Condition: SCAMPER –
No animal adaptation ideas

Given Product and Directions for the Invention
Group A
Group B
Product = Paper Plate
Product = Paper Cup
Make a product for a camping
Make a product for a camping trip
trip
Product = Paper Cup
Product = Paper Plate
Make a product to be used
Make a product to be used during
during or after a tornado
or after a tornado

Bag of Materials for Making the
Product
Half-sheet of colored paper, 2 pipecleaners, 6 Pony Beads, 2 plastic
spoons.
Patterned wrapping paper, 2 Popsicle
sticks, 1 foot of yarn, 6 dried beans

Product = Cardboard tray
Make a product to use at school

Product = Paper bowl
Make a product to use at school

Product = Paper bowl
Make a product to be used at a
lake or pond

Product = Cardboard tray
Make a product to be used at a
lake or pond

6″ by 6″ (15 x 15 cm) aluminum foil, 2
twist ties, 2 wooden sticks, 6 small
pompons
6″ by 6″ (15 x 15 cm.) fabric, 2
straws, 1 foot curling ribbon, 6 sequins
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Lesson Procedures
As a strategy for increasing the interest and
engagement of the students, the lessons (see Table 2) were
prepared to follow the 5 E instructional model which has a
constructivist learning approach. This model included the
following phases: engagement, exploration, explanation,
expansion, and evaluation (Bybee, Taylor, Gardner, Van
Scotter, Powell, Westbrook, et al, 2006). Descriptions of the
implementation of the 5E instructional model in teaching
science concepts are present in relevant literature (e.g.,
Goldston, Day, Sundberg, & Dantzler, 2010; Krantz, & Barrow,
2006; Krantz, 2004).
The SCAMPER technique, new to the fourth grade
students, was introduced through a teacher-led discussion
during Lesson 1. The word SCAMPER was explained as an
acronym for the words Substitute, Combine, Adapt, ModifyMinify-Maximize, Put to another use, Eliminate, and Reverserearrange-reorder. Students were stimulated to think about
how they could improve a specific object in the classroom, a
chalk board eraser. A simple SCAMPER chart drawn on the
board was used to record students’ answers to questions:
“What material can be substituted to improve this eraser?”
“What can you combine with this eraser to create something
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new?” “What can you adapt or readjust to serve another
purpose?” “What could you add or remove to modify this
eraser?” “How can you change the look or shape of this
eraser?” “Can this be used as something else?” “What else
can this be used for?” “What parts of this eraser can you
eliminate?” “How can you reorganize the parts of this eraser?”
As students generated ideas, the teacher wrote them in the
chart. This process involved the engagement, exploration,
and explanation phases during the first two lessons.
Similarly, the SCAMPER chart was again used in
Lesson 2, but this time combined with animal adaptation
ideas, once students had worked in groups to learn about form
and functions of six animals and to relate the new concepts to
familiar concepts like human-manufactured items. While
completing the chart during Lesson 2, students were prompted
to use animal adaptation ideas to improve a paper organizer.
In lessons 3, 4, 5, and 6, the elaboration and
evaluation phases occurred when students were required to
adapt new knowledge they had acquired in the previous
lessons and build and design using products and limited
materials they were given. Assessment of student learning
occurred at the end of each of these lessons in the form of
assessing the SCAMPER charts they used as well as
assessment of their products.

Table 2. Lesson Procedures
Lesson and
Condition
Lesson 1

Lesson Procedures

Time

1. Introduction to simple SCAMPER technique through brainstorming and teacher-demonstrated discussion e.g. how to
improve a product (a classroom whiteboard eraser);

15 mins

Lesson 2

1. In groups, students explored form and functions of 6 animals. Form and function analogy cards from Invention through
form and function analogy (Rule, 2015) were used.
2. Teacher re-introduced SCAMPER chart with animal adaptation ideas to improve a product.

60 mins

1. Class was divided into group A and B: each student in group A was given a paper plate to improve for a camping trip;
in group B, each student got a paper cup. Each student received a bag of craft items.
2. Students completed the simple SCAMPER chart with ideas to improve the product.
3. Each person created his or her own improved product, explained, and displayed the product to the class.
4. Students participated in a survey.

10 mins

1. Class was divided into group A and B: each student in group A was given a paper cup to improve; in group B, each
student got a paper plate. Each student received a bag of craft items.
2. Students completed the SCAMPER chart with animal adaptation ideas to improve the product.
3. Each person created his or her own improved product, explained, and displayed the product to the class.
4. Students participated in a survey.

10 mins

1. Class was divided into group A and B: each student in group A was given a cardboard tray to improve; in group B,
each student got a paper bowl. Each student received a bag of craft items.
2. Students completed the SCAMPER chart with animal adaptation ideas to improve the product.
3. Each person created his or her own improved product, explained, and displayed the product to the class.
4. Students participated in a survey.

10 mins

1. Class was divided into group A and B: each student in group A was given a paper bowl to improve; in group B, each
student got a cardboard tray. Each student got a bag of craft items.
2. Students completed the simple SCAMPER chart with ideas to improve the product.
3. Each person created his or her own improved product, explained, and displayed the product to the class.
4. Students participated in a survey.

10 mins

Lesson 3
Control
Condition
Lesson 4
Experimental
Condition
Lesson 5
Experimental
Condition
Lesson 6
Control
Condition
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The SCAMPER Charts used during the exercises
are shown in Table 3 and Table 4.
For the control condition lessons, an attitude survey
consisting of three items asked students to indicate on a scale
of 1 to 10 how helpful they found the SCAMPER chart in
thinking of their invention, how much they enjoyed using the
SCAMPER chart, and how motivated they felt in doing the
invention work. For each item, students also gave a reason
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for their response. For experimental condition days, the
attitude survey consisted of the same items but a fourth item
asked students to indicate on a scale of 1 to 10 to what extent
the animal form and function ideas helped them to think of
ideas for their invention. Additionally, field notes were
collected through class observation while the classes were
taken and generated knowledge that was “rich, rounded, local
and specific” (Mason, 2002, p. 89).

Table 3. Simple Blank SCAMPER Chart
SCAMPER operation
S
Substitute
C
Combine
A
Adapt
M
Modify, Minify, Maximize
P
Put to other use
E
Eliminate
R
Reverse, reorganize

Simple SCAMPER chart
Applying ideas to improve:_________

Table 4. Blank SCAMPER Chart with Animal Adaptation Ideas (Adapted from Rule, 2014)
SCAMPER operation
S
Substitute
C
Combine
A
Adapt
M
Modify, Minify, Maximize
P
Put to other use
E
Eliminate
R
Reverse, reorganize

SCAMPER Chart with Animal Adaptation Ideas
Animal Adaptation Idea
Applying idea to improve:___

A scoring rubric (see Table 5) was designed to
assess students’ creativity in using the SCAMPER charts and
in creating new products. This information allowed the
researchers to identify to what extent the SCAMPER chart
with and without animal adaptation ideas facilitated students’
engineering process.
The scoring rubric consisted of nine criteria
statements, each assessed on a scale of 1 to 4 corresponding
to “great,” “good,” “somewhat,” and “not really.” The first two
criteria statements were for assessing the utilization of the

SCAMPER chart, especially the extent to which the chart had
been completed and how close the ideas were to the
SCAMPER category. The other seven criteria related to the
students’ innovations and were essential for assessing their
creativity; they covered originality, usefulness, innovation,
aesthetic sense, uniqueness, elaboration, emotional
involvement. The total possible score on this part of the rubric
was 28 possible points. The primary researcher examined the
SCAMPER charts along with the inventions at the end of each
day, recording the points in the score sheet.
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Table 5: Scoring Rubric for Scoring Products for Creativity
Criteria

Great
4

Good
3

Somewhat
2

Not Really
1

1. Was the SCAMPER chart completely filled out?
2. Did the ideas fit the SCAMPER category?
3. Was the overall idea for product improvement original?
4. Was the improved product useful?
5. Did the improved product show creativity?
6. Was the improved product aesthetically pleasing in shape, design,
or decoration?
7. Was there a lot of 3-dimensionality and unusual structure to the
improved product?
8. Was there a lot of detail and elaboration in the improved product?
9. Was emotion present in the product, title, or description?
10. FINAL SCORE for each product

Data Analysis

Results

For the data analysis, the primary researcher used
a spreadsheet. The spreadsheet functions provided the tools
for calculating means, standard deviations, paired t-tests, and
Cohen’s d effect sizes (Cohen, 1988). The ratings (1 – 10)
from the attitude surveys of control and experimental
conditions were entered separately into the cells of the
spreadsheet and the means and standard deviations were
calculated. On different pages of the spreadsheet, the written
responses for each of the survey items were also recorded.
The sorting functions facilitated data reduction so that the
written responses could be post coded (Cohen, Manion, &
Morrison, 2000). Combining post coding or inductive category
coding with comparison and contrast of each written response
led to refining the categories until satisfactory ones were
achieved. The scores that each student received in control
and experimental conditions for utilization of the SCAMPER
chart (criteria components 1 and 2 of scoring rubric) were
entered into cells on different pages of the spreadsheet; the
same was done for the scores received on new invention
(criteria components 3 – 9 of scoring rubric) and the means
and standard deviations were calculated.

The lessons, supported by the SCAMPER-animalidea technique, aimed to involve the students in creative
thinking and to help them experience the engineering design
process. We observed students readily taking initiative in the
engineering work in the science classes. Students’ verbal
expressions indicated enjoyment and excitement about
innovating products on their own. Although the new technique
was challenging, given the limited number of classes spread
over a two-week period to which students were exposed, the
lessons promoted student engagement, creative thinking, and
ability to recall content knowledge related to animal form and
function. Their readiness, engagement, and willingness to
participate in the hands-on activities ‘as scientists’ as they
often expressed as well as exchanging of ideas and
supporting each other are evidences of their increased levels
of interest in science learning and engineering design and
ability to confront complex challenges. In the next sections
results from the study indicating student learning in terms of
inventiveness and their attitudes to application of creative
thinking technique are presented.
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Student Inventiveness
For the first two criteria, components of the rubric
related to the utilization of the SCAMPER chart, we compared
total points each student earned on the control trials versus
the experimental trials. Students averaged 4.9 points in the
control condition, but averaged 3.9 points in the experimental
condition. A paired t-test comparing each student's average
score in the control condition to the experimental condition
showed a significant difference and effect. The p-value was
0.001 and Cohen’s d was 0.74, a medium size effect, favoring
the control condition for completing the SCAMPER chart.
During the initial part of the study, only the first two
50-minute classes were devoted to exploring animal form and
functions using animal form and function analogy object cards,
a simple SCAMPER chart, and another chart with animal
adaptation ideas. Anderson and Pearson (1984) point out that
for schema change to happen, a primary source of data is
experience. The students’ experience with application of the
new creative technique was very brief. Moreover, we also
observed that they were either unwilling to write or did not like
to fill in the SCAMPER chart as they found the process of
animal form and function identification to be complex and
requiring much cognitive effort.
For the last seven components of the rubric that
related to the innovation itself, the total number of points
earned by each student on the control trials versus the
experimental trials were compared. Students averaged 22.8
points in the control condition, but averaged 24.8 points in the
experimental condition. A paired t-test comparing each
student's average score in the control condition to the
experimental condition showed a statistically significant
difference. The p-value was .003. Cohen's d was 0.64, a
medium effect size.
We noticed that on the days students knew they
would be working on the innovation project, they looked
forward to participating in the engineering work on their own,
and often assisted each other in suggesting ideas if they found
others’ work interesting or if support were needed. Although
they clearly stated in their written responses to the survey that
they found it challenging to think of ideas that go with an
animal or boring to write ideas on paper, at the same time,
the majority of them expressed (through multiple responses)
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that they found animal form and function concepts to be
helpful. We also stimulated their thinking process by
encouraging them to think about animal form and function
ideas. Some students began to show signs of improvement
in their inventions that were facilitated by their ideas of animal
form and function.
Each row in Figures 1 through 4 shows two
products made by the same student; the product on the left
was made under the control condition, while the product on
the right was made under the experimental condition. Figure
1a shows a holder produced for stacking pictures named
“Stuffy Pictures” by a student in the control condition and “Fun
Fan” in experimental condition (Figure 1b) shows a more
complex structure than (Figure 1a). Similarly, “Breathing Blow
Hole” was constructed in control condition (Figure 1c) and
“Sand Breather” in experimental condition (Figure 1d), both by
another student.

Figure 1. Inventions produced in control conditions (a & c) and
experimental conditions (b & d).
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Figure 2 shows a student’s control condition
invention, a simple “floating tray” (Figure 2a) and the
experimental condition invention, an “Oil Spill Collector”
(Figure 2b). Another control condition invention by a student
is a simple “Cooler”, a colorful hand fan (Figure 2c); the
experimental condition invention, “Bug Catcher 3000”, has a
‘glass’ window, a lid, and a handle on the cup (Figure 2d).
Figure 3 shows a plate converted into a “Food
Transporter” by a student in control condition (Figure 3a) and
in experimental condition (Figure 3b) a cup converted into a
complicated structure called “Soup Finder” to hold spoons.
Another control condition invention is a simple “Camping Tray”
made from colored paper that has a fancy holder (Figure 3c);
the experimental condition invention is a kind of camouflaged
mask, “Killer” (Figure 3d).

Figure 2. Inventions produced in control conditions (2a & 2c) and experimental conditions (2b & 2d).

Figure 3. Inventions produced in Control conditions (a & c) and Experimental conditions (b & d).
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Figure 4 shows a plate converted into a “Sun
Protector” by a student in the control condition (Figure 4a) and
in the experimental condition (Figure 4b) a cup converted into
a “Safe Drinking Cup” that has a sealed lid with an inserted
straw and a firm handle. Another control condition invention
by a student is a cup converted into a “Shooting Game” that
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has a handle, a nozzle, and a pipe to blow into (Figure 4c);
the experimental condition invention is a bowl converted into
a “Plane Pet Bed” (Figure 4d). A stand for eyeglasses,
“Googley Eye Holder”, is a control condition invention by a
student (4e); the experimental condition invention is a “Filter
Express” for safe drinking water (4f).

Figure 4. Inventions produced in control conditions (4a, 4c, & 4e) and experimental conditions (4b, 4d, & 4f)
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Attitudes about the SCAMPER Technique
Overall, there was excitement and enthusiasm
among all students as we observed all students participating
actively; none showed disinterest. When reflecting on the
process of using the SCAMPER chart for generating ideas for
their invention, specifically having to use animal ideas, more
students were able to recognize its value in facilitating their
creative thinking: “It helped me think of ideas,” “It made me
think of a lot of ideas,” “Without it I wouldn’t have known what
to do!” “It made me think more,” “Because I stopped and
looked at it and made my idea.” But the simple SCAMPER
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chart supported their decision-making more as opposed to the
SCAMPER chart combined with animal form and function
ideas. This could be due to the complex nature of the
combined process which they expressed in various ways: “It
was hard to come up with stuff,” “I tried to use it,” “It was more
challenging to answer them than to just come up with an idea,”
“It took me a little while to think of ideas.” Interestingly, one
person discovered animal ideas to be helpful implying that
particular student was ready for more complex associations.
Table 6 presents a summary of student responses to why they
thought the chart was or was not helpful for thinking about
their invention.

Table 6. Student Reasons for Why the SCAMPER Chart was or was not helpful in Generating Ideas for Invention
Frequency
Control Condition
Experimental Condition
11
4
8
12
6
10
6
6
4
2
4
5
1
1

Student Reason Given
The chart guided my decisions and process
The chart helped me think of ideas
Difficult to generate ideas to fill out chart
I didn't really use the chart
Limited usefulness
SCAMPER Chart was confusing
Thinking about the animals helped me.

Table 7 provides a summary of the reasons
students gave for enjoying or not enjoying the SCAMPER
chart. Students found using the creative technique to be
difficult, impacting their level of enjoyment. We noticed
resistance to writing when using the SCMAPER chart
combined with animal form and function ideas. A few
expressed discomfort in having to “write so much” with several

not enjoying using the technique at all as it required effort.
But there were several others who expressed enjoyment when
it was helpful for their task or for their invention: “It helped me
think what I should add or eliminate,” “Because you get to
invent things with SCAMPER sometimes! And SCAMPER
helps sometimes,” “It reminded me of the different things you
can do.” They also enjoyed it simply because it was “fun.”

Table 7. Reasons Given for Enjoying or not Enjoying Using the SCAMPER Chart
Enjoyable when it helped generate ideas
Not enjoyable at all
Difficult to understand
Felt comfortable
Fun to use
I enjoyed it but didn’t love it
Enjoyed the independence of doing it by self
Not enjoyable to write so much
The chart gets in the way

Control Condition
12
11
6
4
4
2
1
1
1

Journal of STEM Arts, Craft, and Constructions, Volume 1, Number 2, Pages 48-66

Frequency
Experimental condition
9
12
1
7
7
0
0
5
0

SCAMPER and Animal Adaptations for Inventions
Students explained their reasons for their levels of
motivation which have been presented in Table 8. We noticed
the children were curious about the materials they were given.
They commented on some materials to be more easily
transformed in their inventions. Though having to innovate
with limited resources may have been challenging, most
students were very motivated. In fact, it was the invention
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process itself that was motivating for them: “I couldn’t wait,” “I
got to build,” “I love doing this,” “Building is awesome,”
“Because SCAMPER is fun when we get to make fun things.”
For some there was a sense of accomplishment: “Because
you get to design your own product,” “Very motivated because
it was meant to solve a problem of my own.”

Table 8. Reasons Given for Level of Motivation
Student Reason

Frequency

It was a lot of fun
Making the invention was very motivating
Had a really good idea or a lot of ideas
Didn’t have any ideas
Neutral
Challenge of using given items made it motivating
Not helpful
Learned a lot
Proud of own invention
Fun to think about what to make based on an animal

A summary of students’ explanations for how much
they felt the animal form and function ideas helped with the
invention is provided in Table 9. Though several of them
found the process of having to think of ideas that go with an
animal ‘challenging,’ the majority of them stated that animal
form and function ideas were helpful in their invention process:
“It helped me by telling me ways I could build it,” “Because
animals are easier to think of,” “because animals have a lot of

Control
13
13
7
3
3
3
2
0
0
0

Experimental
11
14
1
4
1
2
3
2
1
1

adaptations, so it was fun to pick and choose.” They
recognized the different perspectives of looking at things that
consideration of animal form and function allow and also
facilitation of their creativity: “It helped me get creative and
look at things from a different point of view,” “Because of the
animals, it made me think in different ways,” “It made me think
super creative.”

Table 9. Reasons given for rating how much the animal form and function ideas helped with invention during the experimental condition
Student Reason
Animal form and function ideas were helpful
Challenging to think of ideas that go with an animal
Animal form and function was a new perspective that helped with ideas
The technique isn’t helpful
Fun to think of the invention like an animal
Helped to learn about new animals
Don’t like writing ideas on paper
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Frequency
13
5
5
5
3
3
2

SCAMPER and Animal Adaptations for Inventions
Overall, in terms of the helpfulness of animal form
and function ideas, enjoyment, motivation for their invention
using the SCAMPER, we observed that 40 minutes of the
class time was inadequate. Students needed more time to
process their understanding of how to use the technique.
Nevertheless, when applying animal ideas with the SCAMPER
technique, they produced a variety of inventions that they
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named also. When using the simple SCAMPER chart
students produced products that did not show a lot of details,
elaboration, unusual structure, and were not very aesthetically
pleasing in shape, design, or decoration compared to those
produced in the experimental condition. Table 10 shows the
list of student-made inventions from the study.

Table 10. List of Student-Made Inventions
Inventions created in the control condition
Food transporter, fire work box, houseboat, storm siren, dog’s bed,
lunchbox, quick hat, crayon box, tray, multi-holder, Lanie’s pencil holder,
fishing-pole, breathing blowhole, googley eye holder, and shooting game

Discussion
Improvement by Adding Animal Adaptations
The main research question addressed in this study
was whether the use of the SCAMPER technique combined
with animal adaptation ideas learned through form and
function analogy activities can help elementary students
generate more creative and engineering ideas to improve their
innovations. The quantitative data from the present study
revealed participants attained growth with a medium effect
size in inventive abilities which was consistent with prior
invention studies that showed improved inventiveness when
students used creative techniques (e.g., Westberg, 1996;
Barak & Mesika, 2007; Rule et al., 2009; Wongkraso et al.,
2015). The findings from this study support Rule and
colleagues’ (2009) findings in a study conducted on second
graders who were taught by SCAMPER combined with animal
form and function analogy. The students in their study
demonstrated a higher mean content score on animal
adaptations incorporated into invention and an increased level
of student inventiveness. In the current study, too, there was
a higher mean score during the experimental condition (24.8)
as opposed to control condition (22.8). This indicates students
were displaying an improvement in their inventiveness. In
fact, the present study supports Rule et al.’s finding that

Inventions created in the experimental condition
Oil spill collector, bug catcher 3000, killer, fun fan, rain protector, ball
basket launcher, multi holder, solar panel, butterfly basket, DIY fan,
reflector boat, danger detector, canopy boat, breather, soup finder, amazing
underwater piece, and shield sword, sand breather, filter express, and
plane bed

emphasizing the use of the SCAMPER chart along with animal
ideas results in an improvement in students’ inventions.
On the attitude survey, students in the experimental
condition (as shown in Table 9) noted that the animal form
and function ideas helped them through gaining a new
perspective and by motivating them because they like animals.
The new perspective of taking animal ideas and transferring
them to an invention assisted students in generating more
ideas while the positive attitude toward animals allowed them
to relax and become more playful, thereby facilitating their
creative process. The researchers observed that students
were more excited in the experimental condition because they
were experiencing something new and this motivated them.

Increased Challenge Necessary to Foster Skills
and Interest in Engineering Design
A common feature noted by previous studies is the
challenge that students encounter in the process of developing
their invention skills (e.g., Westberg, 1996; Barak & Mesika,
2007; Rule, 2009; Wongkraso et al., 2015). The elementary
and high school students in these studies sometimes lacked
motivation as the process of invention required continuous
mental effort. In the current study, the new techniques
students were taught, rather than familiar traditional
approaches, better supported idea generation. This implies
that challenge is a desirable component for fostering creative
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thinking, inventive skills, and engineering skills. Experience
and exposure were important for students to confront the
challenge. People cannot be expected to instantly form
inventive ideas until some experience has been gained (Barak
& Mesika, 2007). Furthermore, the enthusiasm and
willingness to engage in creative thinking and design
processes that students displayed, suggest that a classroom
with creative learning environment is conducive to fostering
engineering skills which Barak and Mesika (2007) and
Wongkraso et al. (2015) reiterate. But, SCAMPER with animal
ideas is not without its limitations. The following section
explains them.

Limitations
There are some limitations of using the SCAMPER
technique with animal form and function analogy. Children
are not adequately equipped with engineering skills but require
skill development and sharpening from a young age.
Techniques that involve provocation and remote analogies
lead to greater novelty but demand more skills from the thinker
to create new ideas (Ross, 2006). Therefore, teachers need
to have clear conceptualization of the engineering
mechanisms involved along with their relationships and to
realize that “creative thinking does not need to be a random
or chaotic process” (Ross, p. 129). They have to be able to
convey to the students how the two techniques – animal form
and function analogies and the SCAMPER technique – can
be integrated and used systematically in engineering works by
providing meaningful examples. Though engineering is
appealing to students, careful explanation of how to build
something that stays together to facilitate their understanding
of the design process is an initial step (Rogers & Portsmore,
2004). Classroom preparation will require extra time,
however, teachers can use resources such as Rule’s (2015)
invention book for teachers - Invention through form and
function analogy. In fact, the authors report that the resources
have been field-tested with elementary and middle school
students and the lessons have been accepted consistently.
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Conclusion
The present study disclosed how elementary
students are open to challenges. Despite the time constraints
and limited resources, they did not evidence frustration or
reluctance. A Framework for K-12 Science Education
suggests that substantial time is needed for students to
“actively engage in scientific and engineering practices” to be
able to develop “deeper levels of scientific and engineering
investigation” (National Research Council, 2012). Therefore,
we suggest students be allowed to spend adequate time to
explore the SCAMPER-animal-idea technique so that time
constraints do not result in cognitive overload. Time and
learning opportunities are not the only factors important for
understanding the engineering design process. A climate of
nurturing related skills should also be created (Barak &
Mesika, 2007). A range of engineering-related activities
(mentioned above), including creative techniques (e.g., Perrin,
2004), toolset (e.g. Rogers & Portsmore, 2004), and design
principles for curricula and materials, Engineering is
Elementary (Cunningham & Lachapelle, 2012) specifically for
elementary classrooms have been suggested and found to
successfully motivate student engagement. Engineering
societies, offering programs and products, assist in promoting
technological literacy through outreach effort (Gorham, 2002).
Several studies have been reported to reveal
students’ potential for engineering abilities when creative
techniques form a part of classroom activities (e.g., Westberg,
1996; Barak & Mesika, 2007; Rule et al., 2009; Wongkraso et
al., 2015). Few studies on the SCAMPER technique have
been reported: increased confidence among participants
resulted from creative practical engineering experience in a
three-day SCAMPER workshop (Poon et al., 2014); improved
complex innovations occurred among students having used
SCAMPER-animal-idea technique (Rule et al., 2009); and
heightened individual and situational interest in physics
concepts were noticed in students (Leung, 2013). The goals
of the National Science Education Standards are achieved as
creative activities and application of design principles allow
children to witness what they see around them, hear their own
voices, and access academic subjects easily (Perrin, 2004).

Implications for Classroom Practice
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Rather than simply exposing students to
biographical information related to outstanding inventors,
students ought to be shown how inventions are important for
our survival. Important inventions have caused historical
changes, to name a few: Thomas Alva Edison’s development
of devices such as the phonograph, the motion picture
camera, and the electric light bulb; Alexander Graham Bell’s
first practical phone; Isaac Newton’s reflecting telescope; the
Wright brothers’ airplane. These great scientists and inventors
have made it easy for us to obtain new inventions. But the
challenges the young generation has yet to face can be dealt
with if they learn to equip themselves with their creative skills
and designing experience. Therefore, we recommend that
engineering-related activities in combination with creative
thinking techniques should effectively foster young people’s
comprehension of design processes. The present study will
contribute to practitioners’ understanding of how incorporating
creative thinking techniques like the SCAMPER-animal-idea
technique with engineering activities in elementary science
classes can reinforce the idea of design process. The
questions that the teachers have to use in the SCAMPERanimal-idea model serve as stimuli to make students think
about a given problem from multiple angles and in fact come
up with answers based on scientific knowledge (Park &
Seung, 2008). Moreover, teachers need to provide support
once they recognize the challenges involved in using the
technique so that they do not lose interest.

Recommendations for Future Research
Scarcity of research with SCAMPER implies
longitudinal studies should be conducted to examine the
classroom application of creative thinking techniques like the
SCAMPER-animal-idea technique at different grade levels.
Another focus of future research could be to examine
appropriate ways to guide students to overcome engineering
challenges that occur as they employ creative techniques.
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